Introduction
On the basis of solid mechanics, the "Peeling off" problem of TPS tiles on space craft surface is investigated. After considering the existence of peeling stress along the interface between the TPS tiles and the frame of space shuttle, a new model of mechanics is established to satisfy the boundary conditions of shear stress, which cannot be satisfied by the traditional shear-lag model. According to these new solutions, the reasonable explanation can be made about the failure of glued joint for TPS tiles. The stress distributions are studied when TPS tiles working in high temperature condition have different length, thickness, and material, and some advices can be provided to the design of TPS tiles.
Background
Various spacecrafts have their own characteristics. For example, as for as the Thermal Protection System (TPS) is concerned, their protection programs and materials are not identical. As the main material of spacecraft structure is aluminium, the temperature of the crucial structure could not be higher than 177°C to ensure that the connection between the spacecraft internal structure and the TPS tiles with sufficient strength. Ceramic TPS tiles plays a great role of protecting the internal structure while spacecraft is reentering the atmosphere. But in recent years, there have been many accidents and potential dangers, even tragic plane crash tragedy without any survivals during the spacecraft reentry. For example, in 2003 the Space Shuttle Columbia Accident Investigation Board determined that a hole was punctured in the leading edge on one of Columbia's wings, made of TPS tiles with carbon-carbon composite. The hole had formed when a piece of insulating foam from the external fuel tank peeled off during the launch 16 days earlier and struck the shuttle's wing. During the intense heat of re-entry, hot gases penetrated the interior of the wing, destroying the support structure and causing the rest of the shuttle to break apart (XING, 2003) . Of course, the desquamation of the TPS may be induced by many reasons, such as spacecraft vibration, engine noise, external rain, hail impact and so on. In the paper, the characteristics of the working TPS tiles are studied, the effects on the peeling stress by the 
The mechanics analysis of desquamation for TPS tiles

The method of analysis
Based on the analysis above, it can be seen from mechanical perspective that the problem of the desquamation for TPS tiles can be solved by analyzing the stress situation of tiles, glue layer and internal structure, as well as the relation between the internal stress and the exterior aerodynamic heating or the tiles size designing and so on. Because the TPS tiles and the internal structure are connected by the glue layer, the peeling stress, one potential factor of the peeling off of the tiles, can be obtained by analyzing the stress situation of glue layer.
For this connection, to analyze glue layer stresses and confirm the strength of the joint, one can ususally adopt the traditional Shear -lag Theory (Kuhn P., 1956) , in which the glue layer can only suffer the shearing force while tiles and the internal structure body are only imposed on pulling force, obtaining the maximum of the glue layer shearing at its two ends. However, it is clear that this kind of analysis results can not satify the boundary condtions at both ends of the glue layer according to the the shear stresses reciprocal theorem, which states that the shear stresses at the ends must vanish. This article trys to provide some www.intechopen.com
The Mechanics Analysis of Desquamation for Thermal Protection System (TPS) Tiles of Spacecraft 177 Fig. 3 . Boundary condition at glue layer terminal of right hand side reliable and advantageous mechanics basics for TPS tiles designing by studying the effects of the outside aerodynamic heating and the tiles size design on the glue layer stress but under the satifactory of these boundary conditions. Further, structure model shown in Figure 1 can be simplified to that shown in Figure 4 (a), because the glue layer thickness is much smaller than that of tiles and structure. For the clarity, TPS tiles are marked by 1 and the internal structure by 2. In order to ensure that the layer shown Figure 4 (a) could meet the boundary conditions of stress distribution, we established the following mechanical model (ZANG., 2006): 1. As shown in Figure 4 (b), on the TPS tiles and the internal structure cross-sections, there is not only tension, but also bending moment and shear. 2. The glue layer thickness is ignored; however, it is assumed that the normal stress and shear stress both exists in the glue layer, as shown Figure 4 (c); 3. In the connection of the TPS tiles and the structure, the longitudinal normal stress due to the tensile force and bending moment is calculated by the engineering beam theory, while the shear stress due to the elasticity of shear by the generic elasticity theory. On this basis, we can solve the problem by force method： 1. Regard the tile's pulling stress and bending moment as generalized internal force, which is ulilized to express the other internal force and stress by the equilibrium equations including tensile structure and the bending moment and glue layer's shear stresses and direct stress. 2. Establish the compatible equations which should be satisfied by the above two generalized internal force, two second order differential Eulerian equations satisfied by pulling force and bending moment, occording to the complementary virtual work principle. 3. Obtain the closed analytical solution of generalized internal force and the glue layer stress by solving these two Eulerian equations under the boundary conditions.
Equilibrium equations
First, consider a cross-section having a distance x from the symmetry plane of the TPS tile, as shown in Figure 4 (a), and regard the right part as one free body as shown in Figure 4 (b). Obviously, the axial force N 1 and bending moment M 1 of the TPS tiles can be considered as the redundant internal forces of constrains for the equilibrium equations, which are both the function of x. 
It can be seen by applying equilibrium equations to the free body that the axial force N 2 and bending moment M 2 are respectively equal to
Then the shear layer flow q in TPS tile 1 can be obtained by applying the equilibrium equations to the free body, as shown in Figure 4 (c).
It should be noted that q shall be recessed shear stress for the plate that has a unit width. Further, taking into account formula (5), the shear Q 1 in the TPS tiles equals to
According to equilibrium equations for the free body shown in Figure 4 (b) and formula (6), the shear Q 2 in the structure is
The normal stress p in the TPS tile layer can be obtain by the equilibrium equation for the free body, as shown in Figure 4 (c).
The normal stress 1 x σ and shear stress 1 τ of the plate 1 should satisfy the following equation by the equilibrium conditions of an infinitesimal element that has a dx width and dy length.
According to the theory of beam (HU, 1980), we have
Inserting equation (10) into equation (9) 
The integration is available
where A 1 and I 1 are the cross-sectional area and axial inertia moment of the TPS tile 1 respectively. Similarly, for the structure 2, we have
In summary, according to the balance equation and the beam theory, the stress in glued pieces can be written in the following form: 
Aerodynamic heating load equivalent strain
When space craft return to the atmosphere at a high speed，it will happen that a fierce friction with the dense atmosphere produces a lot of pneumatic hot. To ensure the normal work of the interior structure of spacecraft, the tiles internal structure temperature must below 177 °C. Thus, the external tiles suffers a high-temperature heat and deforms, while the internal architecture suffers a low temperature heat and then deforms, and the deviation of the internal and external displacement caused by aerodynamic heating leads to a potential impetus to the desquamation of the tiles. Here, we analyze the additional load generated by aerodynamic heating. Let t 0 denote the initial temperature while the spacecraft begins working, t j0 the temperature of the connection of the plate j at working state and the layer. Specifically, as shown in Figure 5 , t 1 is the local aerodynamic heating temperature of the outer surface of the TPS tiles and t 2 is the internal temperature of the structure. For a homogeneous material, the temperature can be assumed to change approximately linearly in the thickness direction. Therefore, the local temperature can be expressed by:
Furthermore, the strain caused by the temperature should be ( ) k j , the temperature gradient of the structure j, should be a constant. Then equation (29) can be written as:
Which the additional strain of board j， is caused by aerodynamic heating.
Since the main material of the internal structure is aluminium, which has a high thermal conductivity, the temperature of the internal layer can be assumed to be the same everywhere, i.e. the temperature gradient is 0, that is
As the layer of tiles is much thinner than the protective layer and internal structure, the temperature at the joint of the protective layer and the TPS tiles can be thought to be the same as that at the joint of the protective layer and the internal structure. Thus 10 20 tt = (33)
Compatibility equation
The stress of TPS tiles, structure and the glue layer are all determined by the axial force and bending moment. Thus, to build expression between the former and the latter, the compatility equations is needed, which is derived occording to complementary virtual work principle due to the complexity of the deformation (Timoshenko S., 1958; HU, 1980; ZHANG, 1995; QIAN, 1980) . It can be found from (17) and (22) that the stress of the protection tiles, the structure and the layer is all depend on N and M. The compatibility equation must be introduced here in order to determine these two functions. We established the compatibility equation based on the complementary virtual work principle to deal with the complexity of deformation. Let www.intechopen.com
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It can be seen from (17) and (20) 
Integrating the third and fourth term by parts and taking into account 0 , 0 , 0
And the arbitrariness and independence of N δ and M δ in interval 0<x <l, one can obtain the following compatibility equation, which is expressed by the strain: In the case of aerodynamic heating, when the TPS tiles and structure work in the elastic range, from (17) to (20) 
1 ()
Inserting (42) and (43) into (40) and (41) will result in the two compatibility equations, which are expressed by the axial force N and bending moment of the protective layer:
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From (46) (44) and (45) 
Inserting (44) and (45) 
The condition for the existence of non-zero solution to these equations is that the coefficient determinant of A and B is zero. 
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For the studied spacecraft protection system tiles, the two square roots of k 2 should be both real number greater than 0. 
The specific solutions for (44) and (45) of the particular solution N' and M' can be modified as
Inserting (68) and (69) into (44) and (45) 
The eight undetermined coefficients depend on the following eight boundary conditions.
,
Inserting (66) and (68) 
Inserting (67) and (69) 
Clearly, the generalized force N and M of TPS tiles, and the stress q and p of the layer can be calculated with the eight undetermined coefficients, which can be obtained by solving the two sets of algebraic equations.
Inserting (66), (68), (67) and (69) respectively into (50) and (51) 
Further, inserting (90) and (91) into (5) and (8) 
Consequence analyses
By this analysis, solving layer stress can be summarized in the following procedure: i. Based on (23)~(26), write (17) and (20).
ii. Calculate the coefficients in (60) with (57), (58) and (59).
iii. Get (76) and (77) based on (64) and (65). iv. According to (70) and (71), particular solutions of inhomogeneous equation are shown as the coefficient of (68) and (69). v. Calculate every coefficients of generic solution for the homogeneous equation to get the distribution of stress of the layer. From the mechanical point of view, based on the above theoretical derivation, in order to have more detailed understanding of the "Peeling off " problem for TPS tiles on space craft surfacethe, the maximum potential peeling stress was analyzed in its working condition, the effects of the outside aerodynamic heating and the tiles size design on the peeling stress are investigated. As we all know, the material of spacecraft structure is mainly aluminium and its alloy materials. The mechanical properties of aluminium alloy can be found from "mechanical Dictionary" (The editorial department of Mechanical dictionary., 1990): E=70~79GPa, G=26~30GPa, 
Different aerodynamic heating temperature on the peeling stress
The external TPS of re-entrying body will have a high temperature during the spacecraft reentrying atmosphere with high aerodynamic heating, resulting thermal deformation of TPS tiles. Hence it is nacessary that the effects of the outside aerodynamic heating on the peeling stress are investigated by theoretical analysis discussed above. When the spacecraft returns to the atmosphere at high speed, the aerodynamic heating will lead to high temperature of the spacecraft re-entry body's external thermal protection system, thereby enabling protection watt thermal deformation. To study the effect of aerodynamic heating on the TPS tiles peeling stress by the above theory, we let the working stress of the structure P=20MPa and take E 1 =E 2 , h 1 = 0.5h 2 , t 0 =20 °C, t j0 = 177 °C, when the outside temperature of TPS tiles with aerodynamic heating t 1 = 177 °C, 300 °C, 500 °C, 700 °C, 1000 °C, and then get the distribution of the shear and normal stress of the adhesive layer, as shown in Figures 6, 7 and 8. www.intechopen.com 
The effects of the length of TPS tiles on peeling stress
Here, the effects of the length of the TPS tiles on the glue layer stress were Investigated. Here, we examine the effect of the length of TPS tiles on stress distribution of the adhesive layer. Let the working stress of the structure P=20MPa, and E 1 = 2E 2 , h 1 = 0.5h 2 , t 0 = 20 °C, x'' 
The effects of the thickness of TPS tiles on peeling stress
The thickness of the tiles in TPS design was also a very important consideration. The thickness of TPS tile thermal protection system in the design is also a very important consideration. We should analyze the effect of the TPS tiles thickness on the shear and normal stress of the layer. Let the working stress of the structure P=20MPa, and E 1 =2E 2 , L=10 h 2 , t 0 =20°C, t j0 =177°C, t 1 =500°C. When h 1 /h 2 = 1/2, 1/3, 1/5, 1/8, by the above theory, we also get the distribution of shear and normal stress, as shown Figures 11 and 12 respectively.
www.intechopen.com q'
x'' h1=h2 h1=0.5h2 h1=0.1h2 h1=0.05h2 Fig. 11 . Distribution of shearing stress q' along the glue layer with different thickness for TPS tiles
The effects of the material of TPS tiles on peeling stress
The selected material is different in different spacecraft TPS. For different thermal systems of spacecraft, the selection of protection tile material is also different. Here, from a mechanical point of view, we study the effects of different material on the thermal protection tiles peeling off, i.e. the adhesive layer stress, mainly considering the effect of elastic modulus. Let the working stress of the structure P=20MPa, and h 1 /h 2 =0.5, L=10 h 2 , t 0 =20=°C, t j0 =177°C, t 1 =500°C. When E 1 /E 2 =0.5, 1, 2, and 3, by the above theory, we also get the distribution of shear and normal stress, as shown Figures 13, 14 and 15 respectively. 
Conclusions
By analyzing the glue layer stress between TPS tiles and structures, and the influence of the size and material of TPS tiles, we concludes: 1. In the connection between TPS tiles and internal structure, the normal stress on the glue layer end reaches the max value with naught shear stress. Hence, it can be indicated that potential factors of the peeling off of the tiles are mainly contributed by peeling normal stress and influenced little by shear stress.
